I. Remarks 
Status of Claims 

Claims 13, 17, and 30 have been canceled herein without prejudice or disclaimer. 
Applicants reserve the right to pursue subject matter encompassed by all canceled claims in one 
or more divisional or continuation applications. Claims 11, 12 and 25 have been amended. 
Amended claims 11, 12 and 25 find support in the claims as originally filed and throughout the 
specification. Specifically, support for amended claims 11, 12 and 25 can be found, for 
example, at page 38, lines 23-33, and page 4113, line 23, through page 4114, line 21 (isolated 
polypeptide); page 3979, lines 1-28 (30 or 50 contiguous amino acids); and page 341 1, Table ID 
(Gene 614, HWHGU54/SEQ ID NO: 1562, regulates the production and/or secretion of IL-8). 
Accordingly, no new matter has been added. In addition, as requested by the Examiner, 
Applicants have amended the specification to delete the term "http://" and to correct minor 
typographical errors found in Table ID. Accordingly, no new matter has been added. Upon 
entry of the present amendment, claims 11-12, 16, 20-21, 24-29, and 31-33 will be pending. 

Request for Rejoinder of Product and Process of use Claims 

Applicants respectfully request rejoinder of claims 20-21, 24, and 31-33 once the 
pending polypeptide claims are found allowable. In light of the decisions in In re Ochiai, 71 
R3d 1565, 37 USPQ2d 1 127 (Fed. Or. 1995) and In re Brouwer, 11 F.3d 422, 37 USPQ 2d 
1663 (Fed. Cir. 1996), a notice was published in the Official Gazette which set forth new 
guidelines for the treatment of product and process claims. See 1 184 OG 86 (March 26, 1996). 
Specifically, the notice states that: 

in the case of an elected product claim, rejoinder will be permitted when a 
product claim is found allowable and the withdrawn process claim depends from 
or otherwise includes all the limitations of an allowed product claim. 

Id. Accordingly, if pending polypeptide claims are found allowable, Applicants respectfully 
request that the method of making and using the claimed polypeptide (claims 20-21, 24, and 31- 
33) be rejoined and examined for patentability. See also, M.P.E.P. § 821.04. 
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Objections to the Specification 

Trademarks 

The Examiner has objected to the specification because "trademarks are disclosed 
throughout the instant specification and not all of them are capitalized or accompanied by the 
generic terminology." Paper No. 041506, page 2, No. 4(a). Applicants would like to thank the 
Examiner for bringing these observations to their attention and will submit an amended 
specification ensuring that all trademarks are correctly identified once the pending claims are 
deemed allowable. 

Embedded Hyperlinks 

The Examiner has also objected to the specification because it contains "an embedded 
hyperlink and/or other form of browser-executable code." Paper No. 041506, page 3, No. 4(b). 
As requested by the Examiner, Applicants have deleted the term "http://" from the specification. 
Accordingly, Applicants respectfully request that the Examiner's objection of the specification 
on the grounds that it contains embedded hyperlinks be reconsidered and withdrawn. 

Typographical Errors 

The Examiner has also objected to the specification on the grounds that it contains a 
typographical error wherein the word "by" is duplicated. See, Paper No. 041506, page 3, No. 
4(c). As requested by the Examiner, Applicants have deleted the duplicated word. Accordingly, 
Applicants respectfully request that the Examiner's objection of the specification on the grounds 
that it contains a typographical error be reconsidered and withdrawn. 

Priority Issues 

The Examiner has alleged that Applicants have not complied with one or more 
conditions for receiving benefit of an earlier filing date under 35 U.S.C. § 119(e). More 
specifically, the Examiner has alleged that support for the structure of the claimed polypeptide 
(ie SEQ ID NO: 1562) or the cDNA clone HWHGU54 which encodes SEQ ID NO: 1562 was not 
found in several of the priority documents analyzed by the Examiner. See, Paper No. 041506, 
pages 3-4, No. 5. Applicants respectfully disagree and traverse this rejection. 

Applicants respectfully direct the Examiner's attention to page 28, lines 6-14, of the 
Application Data Sheet, filed September 20, 2003, where the priority chain of the claimed 
polypeptide embodiments is described. Specifically, Applicants respectfully direct the 
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Examiner's attention to Application No. 10/100,683 that is a continuation-in-part of both 
Application No. 09/461,325, filed December 14, 1999, and PCT/US99/13418, filed June 15, 
1999, wherein PCT7US99/13418 claims priority to, inter alia, U.S. Application No. 60/090,1 12, 
filed June 22, 1998. Applicants respectfully submit that each of these priority documents recite 
the structure of the claimed polypeptide (ie SEQ ID NO: 1562) and the cDNA clone HWHGU54 
which encodes SEQ ID NO:1562. For example, Application No. 10/100,683 identifies cDNA 
HWHGU54 as gene 701 encoding SEQ ID NO:6321 {See page 131, Table 1A); Application No. 
09/461,325 identifies cDNA HWHGU54 as gene 3 encoding SEQ ID NO:134 {See, page 216, 
Table 1A); PCT/US99/13418 identifies cDNA HWHGU54 as gene 3 encoding SEQ ID NO:132 
{See, page 198, Table 1A); and Application No. 60/090,112 identifies cDNA HWHGU54 as 
gene 1 encoding SEQ ID NO: 48 {See, page 50, Table 1 A). 

Importantly, Applicants submit that SEQ ID NOs: 6321, 134, 132, and 48, from 
Application Nos. 10/100,683, 09/461,325, PCT/US99/13418, and 60/090,112, respectively, are 
identical to SEQ ID NO: 1562 as shown by multiple sequence alignment. See, Exhibit A. 
Accordingly, Applicants respectfully submit that the structure of the claimed polypeptide (ie 
SEQ ID NO:1562) and the cDNA clone HWHGU54 which encodes SEQ ID NO:1562 can be 
found within the current Application's priority documents, and thusly meets the conditions for 
receiving the benefit of an earlier filing date under 35 U.S.C. § 119(e). Furthermore, Applicants 
respectfully request that the Examiner's determination that the present application should only 
receive a priority date of September 20, 2003 should be reconsidered and withdrawn. 

Objections to the Claims 

The Examiner objected to claims 17 and 30 alleging that these claims do not further limit 
the claims they depend from, specifically claims 16 and 29, respectively. See, Paper No. 
041506, page 4, No. 6. Applicants respectfully traverse the rejection. 

However, in order to expedite prosecution, Applicants have canceled claims 17 and 30, 
thereby making the Examiner's objections moot. Accordingly, Applicants respectfully request 
that the Examiner's objection to claims 17 and 30 be reconsidered and withdrawn. 

Objection to the Statement Under 37 C.F.R. § 1.821 

The Examiner objected to Applicants statement under 37 C.F.R. § 1.821, filed September 20, 
2003, declaring that the CRF copy of the sequence listing and paper copy of the sequence listing 
were identical. Specifically, the Examiner requested that the signed statement include the 
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affirmation that no new matter is included in the CRF in order for the present application to fully 
comply with the sequence rules. See, Paper No. 041506, page 5, No. 8. Applicants respectfully 
disagree and traverse this objection. 

As a preliminary matter, Applicants respectfully submit that the CRF and paper copy of 
the sequence listing submitted on September 20, 2003 are identical as declared by Applicants 
statement under 37 C.F.R. § 1.821 that was also filed on September 20, 2003. In addition, 
Applicants respectfully note that under 37 C.F.R. § 1.821(e) Applicants are only required to 
make the statement that "the sequence listing information recorded in computer readable form is 
identical to the written (on paper or compact disc) sequence listing." 37 C.F.R. § 1.821(e). Since 
Applicants have already made the required statement under 37 C.F.R. § 1.821 on September 20, 
2003, Applicants respectfully submit that the present application fully complies with the 
sequence rules. 

Nonetheless, to expedite prosecution, Applicants enclose herewith a signed statement 
that includes the affirmation that no new matter is included in the CRF. See, Exhibit B. 
Accordingly, Applicants respectfully request that the Examiner's objection of Applicants 
statement under 37 C.F.R. § 1.821 be reconsidered and withdrawn. 

n. Rejection of claims 11-13 and 25-28 under 35 U.S.C. 8 101 

The Examiner rejected claims 1 1-13 and 25-28 under 35 U.S.C. § 101 because the claims 
are allegedly drawn to a product of nature and accordingly are allegedly directed to non- 
statutory subject matter. See, Paper No. 041506, page 5, No. 9. Applicants respectfully disagree 
and traverse this rejection. 

As a preliminary matter, Applicants have canceled claim 13, thereby obviating the 
Examiner's rejection regarding claim 13. In addition, to expedite prosecution, Applicants have 
amended the above mentioned claims to recite "isolated" as suggested by the Examiner. 
Accordingly, Applicants respectfully request that rejection of claims 11-13 and 25-28 under 35 
U.S.C. § 101 be reconsidered and withdrawn. 

Ill- Rejection of claims 11-13. 16-17. and 25-30 under 35 U.S.C. S 101 

The Examiner rejected claims 11-13, 16-17, and 25-30 35 U.S.C. § 101 because the 
claimed invention allegedly "lacks a credible, substantial, specific, or well established utility." 
Paper No. 041506, page 6, No. 10. Applicants respectfully disagree and traverse this rejection. 
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As a preliminary matter, Applicants have canceled claims 13, 17, and 30, thereby 
rendering moot the Examiner's rejection regarding claims 13, 17, and 30. Furthermore, 
Applicants respectfully note that the instant specification discloses a specific, substantial, and 
credible utility, namely the use of the invention, inter alia, for detecting, preventing, diagnosing, 
prognosticating, treating and/or ameliorating cancer and other hyperproliferative disorders. See, 
page 23, lines 10-11, and page 3411, Table ID. One of skill in the art would believe this 
assertion since the instant specification further asserts that the claimed invention regulates the 
production of IL-8. Id. Indeed the role of IL-8 in regulating tumor growth and metastasis is well 
known to those of skill in the art. See, Exhibit C, Mian et al, "Fully Human Anti-Interleukin 8 
Antibody Inhibits Tumor Growth in Orthotopic Bladder Cancer Xenografs via Down-Regulation 
of Matrix Metalloproteases and Nuclear Factor-kB," Clinical Cancer Research, 9:3167-3175 
(2003). 

In addition, Applicants respectfully note that the test for specificity under 35 U.S.C. § 
101 is whether an asserted utility is specific to the subject matter claimed, in contrast to a utility 
that would be applicable to the broad class of the invention, such as use of a complex machine 
for landfill. See, M.P.E.P. §2107 1(A). Accordingly, the disclosure that the instant invention is 
useful, inter alia, in detecting, preventing, diagnosing, prognosticating, treating and/or 
ameliorating cancer and other hyperproliferative disorders is specific, as not every polypeptide 
may be used to treat, prevent, detect and/or diagnose cancer and other hyperproliferative 
disorders. See, Page 23, lines 10-11. Consequently, the skilled artisan would most certainly not 
consider such a use to be a "throw-away utility" such as landfill, and accordingly consider the 
asserted utilities of the present invention specific. 

Moreover, Applicants respectfully note that where an applicant discloses a biological 
activity {e.g., HWHGU54 regulates, inter alia, the "Production of DL-8 by by[sic] endothelial 
cells (such as Human Umbilical Cord Endothelial Cells)," See, page 3411, Table ID), and 
reasonably correlates that activity to a disease or condition {e.g., inter alia, [h]ighly preferred 
indications also includie[sic] ... neoplastic disorders (e.g., organ cancers such as lung, liver, 
colon cancer, and/or as described below under "Hyperproliferative Disorders"), the applicant has 
sufficiently identified a specific utility for the invention. M.P.E.P. § 2107 1(A) at 2100-32 
(emphasis added). 

Furthermore, the disclosed specific utilities discussed above are also substantial, since 
Applicants have "asserted that the claimed invention is useful for [a] particular practical 
purpose," wherein Applicants disclose a therapeutic method of treating a known disease, such as 
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cancer and other hyperproliferative disorders. See both, M.P.E.P. §2107 1(B)(1); and §2107,01 
1(B). Moreover, Applicants respectfully note that pharmacological or therapeutic inventions 
that provide any "immediate benefit to the public" satisfy 35 U.S.C. § 101. See, Nelson v. 
Bowler, 626 R2d 853, 856, 206 U.S.P.Q. 881, 883 (C.C.P.A. 1980); See also, M.P.E.P. 
§2107.01(111). It is well-established that the mere identification of a pharmacological activity of 
a compound that is relevant to an asserted pharmacological use provides an "immediate benefit 
to the public" and satisfies the utility requirement. Id. Accordingly, Applicants respectfully 
contend that the utilities discussed above and disclosed in the instant specification are clearly 
substantial. 

Finally, the Examiner alleges that the specification "contains several Tables, which do 
not provide any evidence to demonstrate nor describe the claimed invention." Paper No. 
041506, page 7, No. 10. Applicants respectfully disagree and traverse this rejection. 

As a preliminary matter, Applicants respectfully note that Applicants do not have to 
prove that a correlation exists between a particular activity and an asserted therapeutic use of a 
compound as a matter of statistical certainty or provide actual evidence of success in treating 
humans where such a utility is asserted. All that is required of Applicants is that there be a 
reasonable correlation between the biological activity and the asserted utility. See Nelson v. 
Bowler, 626 F.2d 853, 857 (C.C.P.A. 1980). In addition, Applicants respectfully submit that 
empirical data illustrating the pharmacological activity of HWHGU54 in regulating, inter alia, 
IL-8 production and/or secretion has been included in the specification. See, page 3411, Table 
ID. 

Applicants also respectfully note that credibility of a specific and substantial utility is 
assessed from the perspective of one of ordinary skill in the art in view of the disclosure and any 
other evidence of record. See, M.P.E.P. §2107. hi addition, the M.P.E.P. further states that "an 
applicant need only provide one credible assertion of specific and substantial utility for each 
claimed invention to satisfy 35 U.S.C. 101 and 35 U.S.C. 112, additional statements of utility, 
even if not 'credible' do not render the claimed invention lacking in utility." See, M.P.E.P. § 
2107.02(1). As described in detail above, Applicants submit that the specification does assert a 
substantial and specific utility. In addition, Applicants respectfully submit that the specific and 
substantial utility asserted by Applicants is credible, given the state of the art and the disclosure 
of the present application. Indeed, given the well established role of IL-8 in promoting tumor 
growth and metastasis, one of skill in the art would recognize that a molecule capable of 
regulating IL-8 production and/or secretion would be useful in detecting, preventing, diagnosing, 
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prognosticating, treating and/or ameliorating cancer and other hyperproliferative disorders. See, 
Exhibit C. 

In addition, "to overcome the presumption of truth that an assertion of utility by the 
Applicant enjoys ... [it must be established] that one of ordinary skill in the art would doubt the 
truth of the statement of utility... To do this, [the Examiner] must provide evidence sufficient to 
show that the statement of asserted utility would be considered false by a person of ordinary skill 
in the art." See M.P.E.P. § 2107.02111(A) at 2139-40. Moreover, "an assertion [of utility] is 
credible unless (A) the logic underlying the assertion is seriously flawed, or (B) the facts upon 
which the assertion [of utility] is based are inconsistent with the logic underlying the assertion." 
See M.P.E.P. § 2107.02(B) at 2100-40. However, in the instant rejection, the Examiner has not 
provided such reasoning or evidence. In the present case, the pending Office Action has not 
made the required showing that any of the disclosed, specific and substantial utilities for the 
claimed polypeptides cited above would not be unbelieveable in light of the teachings of the 
specification. 

IV. Rejection of claims 11-13. 16-1 7, and 25-30 under 35 U.S. C. S 112 

Rejection of claims 11-13, 16-17, 25-30 as allegedly requiring undue experimentation 

The Examiner rejected claims 1 1-13, 16-17, 25-30 under 35 U.S.C. § 1 12, first paragraph 
because the claimed invention is allegedly "not supported by either a specific and substantial or 
a well established utility." Paper No. 041506, pages 9-10, No. 11. Applicants respectfully 
disagree and traverse. 

As a preliminary matter, Applicants have canceled claims 13, 17, and 30, thereby 
rendering the Examiner's rejection regarding these claims moot. 

Furthermore, Applicants respectfully submit that the Examiner "should not impose a 35 
U.S.C. § 112, first paragraph, rejection grounded on a 'lack of utility 5 basis unless a 35 U.S.C. 
§101 rejection is proper." M.P.E.P. § 2107.01(IV) at 2100-36. As discussed above, the claimed 
invention complies with the utility requirement of 35 U.S.C. § 101. Accordingly, Applicants 
respectfully request that the rejection of claims 25-47 under 35 U.S.C. § 112, first paragraph, be 
reconsidered and withdrawn. 

Additionally, the Examiner rejected claims 11-13, 16-17, 25-30 under 35 U.S.C. § 112, 
first paragraph because allegedly undue experimentation is required to practice the claimed 
invention since (1) the specification lacks adequate deposit information, (2) the claims 
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encompass an unspecified amount of fragments that are not supported by the instant 
specification, (3) the claims reciting percent sequence identity do not indicate where variations 
will occur or what variations can be tolerated in the sequence, (4) in the claims directed to 
fragments of at least 30 or 50 residues there is no indicia to which 30 or 50 residues or if the 
residues are contiguous, (5) the claims do not recite a specific activity or have a functional 
limitation, and (6) no data is provided that demonstrates that a particular portion of the structure 
must be conserved or which regions of the protein would be tolerant of modifications. See, Paper 
No. 041506, pages 10-15, No. 1 1 Applicants respectfully disagree and traverse. 

As a preliminary matter, Applicants have amended claims 11 and 25 to recite 
"contiguous" and "regulates the production and/or secretion of IL-8," and have canceled claims 
13, 17 and 30, thereby obviating or rendering moot all of the Examiner's rejections. 
Furthermore, as discussed in more detail below, Applicants respectfully submit that adequate 
deposit information has been supplied. Accordingly, Applicants respectfully request the 
Examiner's rejection of claims 11-13, 16-17, 25-30 under 35 U.S.C. § 112, first paragraph be 
reconsidered and withdrawn. 



Deposit Information 

Availability of the Deposit 

Human Genome Sciences, Inc., the assignee of the present 
application, has deposited biological material under the terms of the 
Budapest Treaty on the International Recognition of the Deposit of 
Micro-organisms for the Purposes of Patent Procedure with the following 
International Depository Authority: American Type Culture Collection 
(ATCC), 10801 University Boulevard, Manassas, Virginia 20110-2209 
(present address). The deposit was made on April 20, 1998, accepted by 
the ATCC, and given ATCC Accession Number 209782. In accordance 
with M.P.E.P. § 2410.01 and 37 C.F.R. § 1.808, assurance is hereby given 
that all restrictions on the availability to the public of ATCC Accession 
Number 209782 will be irrevocably removed upon the grant of a patent 
based on the instant application, except as permitted under 37 C.F.R. § 
1.808(b). A partially redacted copy of the ATCC Deposit Receipt for 
Accession Number 209782 is enclosed herewith as Exhibit D. 



Rejection of claims 11-13, 16-17, 25-30 as allegedly lacking written description 

The Examiner has rejected claims 11-13, 16-17, and 25-30 under 35 U.S.C. § 112, first 
paragraph, as allegedly "containing subject matter which was not adequately described in the 



Application No.: 10/664,356 



17 



Docket No.: PS904 



specification in such a way as to reasonably convey to one skilled in the relevant art that the 
inventor(s), at the time the application was filed, had possession of the claimed invention." 
Paper No. 041506, page 15, No. 12. Specifically, the Examiner contends (1) the claims directed 
to fragments are devoid of functional language, (2) the claimed invention lacks complete deposit 
information, and (3) claims are directed to protein sequences that comprise sequential C or N 
terminal deletions wherein the specification has not provided a representative number of species 
for the claimed genus. See, Paper No. 041506, pages 15-18, No. 12. Applicants respectfully 
disagree and traverse the rejection. 

As a preliminary matter, Applicants have amended claims 11 and 25 to recite 
"contiguous" and "regulates the production and/or secretion of IL-8," have canceled claims 13 
17, and 30, and have supplied adequate deposit information as discussed above. Accordingly, 
all of the Examiner's rejections have been obviated. Thus, Applicants respectfully request that 
rejection of claims 11-13, 16-17, and 25-30 under 35 U.S.C. § 112, first paragraph as allegedly 
lacking written description be reconsidered and withdrawn. 

Rejection of claims 11-13, 16-17, and 25-30 as allegedly being indefinite 

The Examiner has rejected claims 11-13, 16-17, and 25-30 under 35 U.S.C. § 112, 
second paragraph, as allegedly "failing to set forth the subject matter, which applicant(s) regard 
as their invention." Paper No. 041506, pages 18, No. 13. Specifically, the Examiner contends 
that the phrases "wherein said fragment has biological activity" and "comprises sequential 
amino acid deletions" recited in the claims are indefinite. Moreover, the Examiner alleges that 
claim 12 is confusing. See, Paper No. 041506, pages 18-19, No. 13. Applicants respectfully 
disagree and traverse the rejection. 

As a preliminary matter, Applicants have amended claims 1 1 and 25 to recite "regulates 
the production and/or secretion of IL-8," and have canceled claims 13, 17, and 30. In addition, 
Applicants have amended claim 12 to recite "isolated" in order to alleviate any potential 
confusion. Accordingly, all of the Examiner's rejections have been obviated. Thus, Applicants 
respectfully request that rejection of claims 11-13, 16-17, and 25-30 under 35 U.S.C. § 112, 
second paragraph be reconsidered and withdrawn. 

V. Refection of claims lh 16-17. 25, 29, 30 under 35 U.S.C. $ 102 

The Examiner has rejected claims 11, 16-17, 25, 29, 30 under 35 U.S.C. § 102(e) as 
allegedly being anticipated by Prayaga et al. (US Patent No. 6,600,019, filed January 4, 2001, 
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and claiming priority to several non-provisional Applications, the earliest of which — US 
Application No. 60/174,724 — was filed on January 6, 2000). Applicants respectfully disagree 
and traverse this rejection. 

As a preliminary matter, Applicants respectfully submit that claims 17 and 30 have been 
cancelled, thereby rendering the Examiner rejections of these claims moot. 

In addition, Applicants respectfully submit that the priority date of the present 
application is June 22, 1998. See, discussion above under Remarks section. Accordingly, 
Prayaga et al. (US Patent No. 6,600,019) is not a proper reference under 35 U.S.C. § 102(e) 
since Prayaga et al's earliest priority date is January 2000 (almost 18 months after the priority 
date of the present application). Thus, Applicants respectfully request that the rejection of 
claims 11, 16-17, 25, 29, 30 under 35 U.S.C. § 102(e) as being allegedly anticipated by Prayaga 
et al. be reconsidered and withdrawn. 
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VI. Conclusion 



Applicants respectfully request that the above-made remarks be entered and made of 
record in the file history of the instant application. In view of the foregoing amendments and 
remarks, Applicants believe that this application is now in condition for allowance. The 
Examiner is invited to call the undersigned at the phone number provided below if any further 
action by Applicant would expedite the examination of this application. 

If there are any fees due in connection with the filing of this paper, please charge the fees 
to our Deposit Account No. 08-3425. If a fee is required for an extension of time under 37 
C.F.R. § 1.136, such an extension is requested and the fee should also be charged to our Deposit 



Account. 



Dated: August 7, 2006 




HUMAN GENOME SCIENCES, INC. 



Intellectual Property Dept. 
14200 Shady Grove Road 
Rockville, Maryland 20850 
(301) 610-5771 



KKH/DBS/ba 
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Fully Human Anti-Interleukin 8 Antibody Inhibits Tumor Growth 
in Orthotopic Bladder Cancer Xenografts via Down-Regulation 
of Matrix Metalloproteases and Nuclear Factor-KB 1 
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X. D. Yang, Jean M. Gudas, David J. McConkey, 
and Menashe Bar-Eli 3 
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P. S.], The University of Texas M. D. Anderson Cancer Center, 
Houston, Texas 77030, and Abgenix, Inc. [X. D. Y., J. M. GJ, • 
Fremont, California 94555 

ABSTRACT 

Purpose: We previously demonstrated that overexpres- 
sion of interleukin 8 (IL-8) in human transitional cell carci- 
noma (TCC) resulted in increased tumorigenicity and me- 
tastasis. This increase in tumor growth and metastasis can 
be attributed to the up-regulation in the expression and 
activity of the metalloproteinases MMP-2 and MMP-9. 

Experimental Design: To investigate whether targeting 
IL-8 with a fully human anti-IL-8 antibody (ABX-IL8) could 
be a potential therapeutic strategy for controlling TCC 
growth, we studied its effects on TCC growth in vitro and in 
an in vivo mouse model. Human TCC cell lines 253J B-V and 
UM UC3 (high IL-8 producers), 253J (low IL-8), and 253J 
transfected with the IL-8 gene (high producer) were used. 

Results: ABX-IL8 had no effect on TCC cell prolifera- 
tion in vitro. However, in the orthotopic nude mouse model, 
after 4 weeks of treatment (100 jxg/week, i.p.), a significant 
decrease in tumor growth of both cell lines was observed. 
IL-8 blockade by ABX-IL8 significantly inhibited the ex- 
pression, activity, and transcription of MMP-2 and MMP-9, 
resulting in decreased invasion through reconstituted base- 
ment membrane in vitro. The down-regulation of MMP-2 
and MMP-9 in these cells could be explained by the modu- 
lation of nuclear factor-KB expression and transcriptional 
activity by ABX-IL8. 
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Conclusions: Our data point to the potential use of 
ABX-IL8 as a modality to treat bladder cancer and other 
solid tumors, either alone or in combination with conven- 
tional chemotherapy or other antitumor agents. 

INTRODUCTION 

TCC 4 of the bladder is the fifth most commonly diagnosed 
malignancy in the United States. In 2002, an estimated 56,500 
new cases will be diagnosed, resulting in an estimated 12,600 
deaths (1). Radical cystectomy with urinary diversion is cur- 
rently the standard treatment for patients with muscle-invasive 
tumors of the bladder. For patients with locally advanced or 
metastatic disease, systemic cytotoxic chemotherapy is the only 
viable option (2-5). Over the past two decades, the advances 
made in chemotherapy for TCC have resulted in a more favor- 
able side effects profile, but no significant improvement in the 
overall survival rate has been noted (6). Despite the reported 
initial response rates of 20-40%, most patients with invasive or 
advanced bladder cancer die from progression of their disease. 
Thus, a continued search for more effective therapeutic agents 
against this aggressive disease is mandatory. 

The process of tumor invasion and metastasis is highly 
regulated and involves multiple tumor-host interactions (7-9). 
Angiogenesis, which is essential for tumor growth and metas- 
tasis (9-11), is regulated through a fine balance between stim- 
ulatory (VEGF, basic fibroblast growth factor, and IL-8) and 
inhibitory (IFN, endostatin, angiostatin, and thrombospondin) 
factors produced by the tumor or its microenvironment (12). 
Bladder tumors produce high levels of a several of factors that 
promote tumor growth and metastasis, including VEGF (1 3, 14), 
basic fibroblast growth factor (15, 16), and IL-8 (17, 18). 

IL-8, which was originally described as a leukocyte che- 
moattractant (19, 20), was subsequently found to possess mito- 
genic and angiogenic properties (21-23). Overexpression of 
IL-8 is associated with increasing tumor stage, disease progres- 
sion, and recurrence in human melanoma, breast, gastric, ovar- 
ian, and prostate cancers (24). Furthermore, there is a direct 
correlation between high levels of IL-8 and tumor angiogenesis, 
progression, and metastasis in nude mouse xenograft models of 
human melanoma, ovarian, pancreatic, and prostate cancer cells 
(24, 25). In addition, Inoue et ah (18) who transfected the 
nontumorigenic human TCC cell line 253 J-P with an IL-8 



4 The abbreviations used are: TCC, transitional cell carcinoma; MMP, 
matrix metallopro tease; EGF, vascular endothelial growth factor; IL-8, 
interleukin-8; NF-kB, nuclear factor-KB; FBS, fetal bovine serum; 
CMEM, complete minimal essential medium; MTT, 3~(4,5~dimethyl- 
thiazol-2-yl)-2,5~dipheny!tetrazolium bromide; ISH, in situ hybridiza- 
tion; TBS, Tris-buffered saline; EMSA, electrophoretic mobility shift 
assay; EGFR, epidermal growth factor receptor. 
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expression vector found that this produced an increase in inva- 
sion, tumorigenicity, and metastases. Similarly, an antisense 
IL-8 transfection of a highly metastatic bladder cancer cell line 
resulted in a significant decrease in angiogenesis, tumor growth, 
and metastases (18). These effects of IL-8, confirmed in human 
melanoma, pancreatic, gastric, and glioma cells (24, 25), have 
established IL-8 as a valid target for therapy. 

IL-8 is thought to exert its affects through an autocrine/ 
paracrine loop (24-27) by stimulating tumor and stromal cells 
to express angiogenesis-related factors, thus promoting endo- 
thelial cell proliferation, tumor growth, and metastasis. Indeed, 
we have recently demonstrated that IL-8 may exert its angio- 
genic activity by up-regulating of MMP-2 and MMP-9 in tumor 
cells (18, 25). the activation of MMP-2/9 by IL-8 can, in turn, 
enhance the invasion of host stroma by tumor cells, increase 
angiogenesis, and, hence, metastasis. In addition, IL-8 has been 
shown recently to act directly on vascular endothelial cells to 
promote survival (28). Thus, multiple mechanisms seem to be 
involved in IL-8 action, including direct effects on tumor and 
vascular endothelial cell proliferation, angiogenesis, and migra- 
tion. On the basis of these observations, we hypothesize that 
disruption of this autocrine/paracrine loop should decrease tu- 
mor invasion and growth by TCC. In this study, we used a fully 
human anti-IL-8 antibody, ABX-IL8 (Abgenix, Inc., Fremont, 
CA) to neutralize the IL-8 secreted by human TCC cells, thus 
blocking its autocrine/paracrine feedback mechanism. We found 
that ABX-IL8 inhibited the growth of bladder cancer cells 
implanted into the bladder of nude mice. The decrease in tumor 
growth was attributable to the down-regulation in the expression 
and activity of MMP-2 and MMP-9. ABX-IL8 also regulated 
the expression and the transcriptional activity of NF-kB. These 
results suggest that ABX-IL8 could be beneficial in treating 
bladder cancer patients, either alone or in combination with 
other cheraotherapeutic or antiangiogenic agents. 

MATERIALS AND METHODS 

Cell Lines and Culture Conditions. Human TCC 
UMUC-3 and 253J B-V cell lines (highly tumorigenic and 
highly metastatic) and the 253J-P line (poorly tumorigenic and 
nonmetastatic) were grown as monolayer cultures in modified 
Eagle's MEM supplemented with 10% FBS, vitamins, sodium 
pyruvate, L-glutamine, nonessential amino acids, and penicillin- 
streptomycin (CMEM) (29). 

ABX-IL-8. ABX-IL8 is a human IgG2 monoclonal anti- 
body directed against human IL-8 that was generated using 
Abgenix' s proprietary XenoMouse mice. The XenoMouse tech- 
nology is one in which the murine heavy and light chain loci 
have been inactivated and subsequently replaced with a majority 
of human heavy- and k light-chain immunoglobulin loci. When 
immunized, these mice produce fully human antibodies. The 
mice used for this immunization contained only the human IgG2 
heavy-chain sequences and human k light chain. ABX-IL8 
binds to human IL-8 with high affinity (I d = 2X 10 i0 m) and 
fails to cross-react with a panel of closely related chemokines. 
ABX-IL8 blocks the binding of IL-8 to its receptors and inhibits 
IL-8-dependent neutrophil activation, migration, and degranu- 
lation (30). Chemopure human IgG control antibody was pur- 
chased from Jackson ImrnunoResearch (West Grove, PA) and 



was used at the same concentration as ABX-IL8 in all experi- 
ments. 

Cell Proliferation Assay. A total of 5 X 10 3 253 J B-V 
and UMUC-3 cells was plated in 96-well plate and then treated 
with 1-100 fxg/ml ABX-IL8, control IgG, or CMEM for 1-7 
days. A MTT assay was performed daily to determine the 
relative cell numbers based on the conversion of MTT to form- 
azan in viable cells. MTT (40 jxg/ml) was added to each well 
and incubated for 2 h. The medium was then removed, and 
100 jxl of DMSO were added to lyse the cells and solubilize the 
formazan. A standard microplate reader was used to determine 
the optical density. 

Collagenase Activity. Type IV collagenase (MMP-2 and 
MMP-9) activity was detennined using gelatin-impregnated 
SDS-PAGE gels, as previously described (31) with minor 
modifications. The metastatic cells 253 J B-V (5 X 10 4 ) and 
UMUC-3 (5 X 10 4 ) were plated in 6-well plates and treated 
with 100 |xg/ml ABX-IL8, 100 jxg/ml IgG, or CMEM for 
3 days. On day 3, CMEM was removed and replaced with 
serum-free medium, containing the antibodies, overnight. 
The supernatant was collected, the volume was adjusted for 
cell number, and separated on gelatin-impregnated (1 mg/ml; 
Difco, Detroit, MI) SDS/8% poly aery laraide gels under non- 
reducing conditions, followed by 30 min of washing twice, in 
2.5% Triton X-100 (BDH, Poole, United Kingdom). The gels 
were then incubated overnight at 37°C in 50 mM Tris, 0.2 m 
NaCl, 5 mM CaCl 2 , and 0.02% Brij 35 (w/v) at pH 7.6. At the 
end of the incubation, the gels were stained with 0.5% 
Coomassie G 250 (Bio-Rad, Richmond, CA) in methanol/ 
acetic acid/H 2 0 (30:10:60) for 15-30 min. The gels were 
destained with a methanol/acetic acid/H 2 0 (30:10:60) solu- 
tion and dried in a gel drier for storage and densitometry. The 
intensity of the various bands was determined on a comput- 
erized densitometer type 300A (Molecular Dynamics). 

Invasion Assay. Cells that express high levels of IL-8 
(253J B-V, UMUC-3, and 253J S-IL8) were plated in 6-well 
plates (5 X 10 3 ) and treated with ABX-IL8 (100 ^g/ml), control 
IgG (100 fig/ml), or CMEM for 3-5 days. Cells were released 
from the plates by a brief exposure to Trypsin-EDTA (Life 
Technologies, Inc.), centrifuged, counted, and resuspended in 
serum-free medium containing appropriate antibodies to a final 
concentration of 5 X 10 4 cells/ml. Biocoat Matrigel invasion 
chambers with polyvinylprolidone-free polycarbonate filters 
(8-mm pore size; Becton-Dickinson, Franklin Lakes, NJ) were 
primed according to the manufacturer's directions. Then 500 jxl 
of cell suspensions (containing 2.5 X 10 4 cells) were placed in 
the upper compartment of the Boyden chamber. Ten percent 
FBS-CMEM was placed in the lower compartment as a source 
of chemoattractant. After incubation for 12 h at 37°C, the cells 
on the lower surface of the filter were stained with Diff-Quick 
(American Scientific Products, McGraw Park, IL) and quanti- 
fied with an image analyzer (Optomax V) attached to an Olym- 
pus CK2 microscope. The data were expressed as the average 
number of cells from five fields that had migrated to the lower 
surface of the filter in each of three experiments performed ± 
SD (32). 

In Situ mRNA Hybridization Analysis. 253J B-V, 
UMUC-3, and 253 J S-IL8 cells (5 X 10 3 ) were plated in 
6-well plates and treated with ABX-IL8 (100 jxg/ml), control 
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IgG (fjig/ml), or CM EM for 2 days. Cells were released from 
the plates by brief exposure to Trypsin-EDTA (Life Tech- 
nologies, Inc.), plated on si lane-treated Probe On slides 
(Fisher Scientific, Pittsburgh, PA) in triplicate, and treated 
for 3 days. Specific AS oligonucleotide DNA probes com- 
plementary to the mRNA transcripts were designed based on 
the MMP-2 and MMP-9 cDNA sequence. The specificity of 
the oligonucleotide sequence was initially determined by a 
Gene Bank European Molecular Biology Library database 
search with the help of the Genetics Computer Group se- 
quence analysis program (Genetics Computer Group, Madi- 
son, WI) based on the Fast A algorithm. 

In situ mRNA hybridization was performed as previ- 
ously described, with minor modifications (33, 34). ISH was 
performed using the Microprobe Manual Staining System 
(Fisher Scientific, Pittsburgh, PA; Ref. 35). The slides (three 
from each group) were placed in Microprobe slide holder, 
and the probe was hybridized for 45 min at 45°C. The 
samples were then washed three times with 2x SSC for 2 min 
at 45°C, incubated with alkaline phosphatase-labeled avidin 
for 30 min at 45°C, rinsed in 50 mM Tris buffer (pH 7.6), 
rinsed with alkaline phosphatase enhancer for 1 min, and 
incubated with a chromogen substrate for 15 min at 45°C. To 
enhance a weak reaction, samples were incubated a second 
time with fresh chromogen substrate. A red stain indicated a 
positive reaction. To control for the endogenous alkaline 
phosphatase, the sample was treated in the absence of the 
biotinylated probe using chromogen alone. 

Stained sections were examined under Zeiss photomicro- 
scope (Carl Zeiss, Thornwood, NY) equipped with a three-chip, 
charge-coupled device color camera (model DXC-969 MD; 
Sony Corp.). The images were analyzed using the Optimas 
image analysis software (version 4. 10; Bothell, WA). The slides 
were prescreened by one of the investigators to determine the 
range in the staining intensity of the slides to be analyzed. 
Images covering the range of staining intensities were captured 
electronically, a color bar (montage) was created, and a thresh- 
old value was set in the red, green, and blue mode of the color 
camera. All subsequent images were quantified during one 
sitting based on this threshold by two independent investigators 
in blinded manner. The samples were not counterstained; there- 
fore, the optical density was attributable solely to the product of 
the ISH reaction. Five different fields in each slide were quan- 
tified to derive an average value. The intensity of staining was 
corrected for the integrated optical density of poly d(T) to 
account for mRNA integrity. The results were presented as 
mean optical density ± SD. 

Promoter Analysis and Dual Luciferase Assay. The 
luciferase reporter gene driven by either MMP-2 or MMP-9 
promoter was used. The pGL3-MMP-2 (or pGL3-MMP-9) is 
a pGL3-basic reporter construct containing a full-length fire- 
fly luciferase gene under the control of an MMP-2 (or 
MMP-9) promoter. Metastatic cells, 253J B-V and UMUC-3, 
were treated with ABX-IL8 (100 fxg/ml), control IgG (100 
u,g/ml), or CMEM for 3 days. The cells were then transfected 
with 10 ng of pB-actin-RL reporter containing a full-length 
Renilla luciferase gene (Promega Corp., Madison, WI) under 
the control of the human p-actin promoter and 2 fig of 
plasmid DNA consisting of either luciferase basic vector, 



SV40-positive control, or a full-length MMP-2 (or MMP-9) 
promoter vector (36), using 10 jxl of Lipofectin Reagent (Life 
Technologies, Inc., Rockville, MD). The medium was 
changed after 24 h, and the cells were treated for another 24 h 
with the appropriate antibodies. The cells were harvested in 
passive lysis buffer (Promega Corp.). As reported previously, 
the activities of firefly luciferase and Renilla luciferase were 
quantified using the dual luciferase assay system (Promega 
Corp.) and Ascent Lumiskan plate reader (37, 38). 

Western Blot Analysis For NF-kB. Cells were treated 
with ABX-IL8 (100 fxg/ml), control IgG (100 fig/ml), or 
CMEM for 3 days. Cell nuclei were isolated as previously 
described (37, 38), and isolated nuclei were lysed using Triton 
X-100 lysis buffer [150 mm NaCl, 25 mM Tris (pH 7.5), 1% w/v 
Triton X-100, 2 mM EDTA, 1 mM phenylmethylsulfonyl fluo- 
ride, 10 |xg/ml trypsin inhibitor, 20 mM leupeptin, and 0.15 
units/ml aprotinin] on ice for 20 min. The soluble protein in the 
lysates was then separated by centrifugation at 14,000 rpm for 
20 min at 4°C. The protein concentration was determined by the 
Bio-Rad protein assay reagent (Bio-Rad Laboratories), and the 
protein was stored at — 70°C. Before loading, protein samples 
were boiled in sample buffer [62.5 mM Tris-HCl (pH 6.8), 10% 
w/v glycerol, 1 00 mM DTT, 2.3% SDS, and 0.002% bromphenol 
blue] for 2-5 min and cooled on ice for 5—10 min. Samples (30 
fxg) were loaded and separated on 10% SDS-PAGE at 1 50 V for 
60 min in electrophoresis buffer [25 mM Tris-HCl (pH 8.3), 192 
mM glycine, and 0.1% SDS]. Proteins in the gels were electro- 
phoretically transferred onto immobilon-P transfer membrane 
(Millipore) in IX transfer buffer (25 rnM Tris-HCl, 192 mM 
glycine, and 20% methanol) at 100 V for 2 h at 4°C. The 
membranes were washed in blocking buffer [TBS 10 mM 
Tris-HCl (pH 8.0), 150 mM NaCl, 3% BSA, 1% OVA, and 
0.02% NaN 3 ) for 2 h at room temperature with shaking and 
then rinsed once briefly with TTBS (99.9% TBS, 0.1% 
Tween 20). The membrane was incubated in 1:500 anti- 
NF-kB polyclonal rabbit antibody [NF-kB p50(H-l 19); Santa 
Cruz Biotechnology, Santa Cruz, CA] overnight at 4°C. The 
membranes were rinsed twice briefly with TTBS and washed 
three times with TBS at room temperature and then incubated 
with a second antibody (anti rabbit immunoglobulin, horse- 
radish peroxidase-linked F(ab)2 fragment from mouse) at 
dilution of 1 :5000 for 1 h at room temperature with shaking. 
The membranes were rinsed twice briefly and washed three 
times with TBS at room temperature with shaking. The 
probed proteins were detected with Amersham enhanced 
chemiluminescence system according to the manufacturer's 
instructions. 

EMSA for NF-kB Nuclear Binding Activity. Nuclear 
protein extracts were prepared as described above from cells 
treated with ABX-IL8 and from untreated (CMEM) control 
cells. The sequence of the NF-kB oligonucleotide probe was 
5 ' -AGTTGAGGGACTTTCCCAGGC-3 ' . EMSA was per- 
formed as previously described with minor modifications (38). 
Five jxg of nuclear extract protein and 30,000 cpm of end- 
labeled double-stranded DNA probe were then added to the 
mixture. The binding reaction was allowed to proceed for 25 
min at 22°C. For supershift reactions, extracts were preincu- 
bated with anti-p65, anti-p50, or anti-cRel antibodies [(NF-kB 
p50 (sc-7178); NF-kB p65(sc-109); c-Rel (sc-272); Santa Cruz 
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Table 1 Tumorigenicity of UMUC-3 and 253J B-V cells implanted 
orthotopically in the bladder wall of nude mice 
Values are the average of two representative experiments of four. 
Ps were calculated using the Mann Whitney U test. 



Median tumor weight (range), mg 



Group 


UMUC-3° 


Incidence 


253J B-V* 


Incidence 


Untreated Control 


853 




194 






(227-1301) 


10/10 


(114-269) 


10/10 


Control IgG 


534 




179 






(182-979) 


10/10 


(51-296) 


10/10 


ABX-1L8 


380 c 




145 






(151-762) 


10/10 


(56-195) 


10/10 



a UMUC-3 cells (5 X 10 4 ) were implanted in the bladder wall of 
athymic nude mice (10 mice/group) and treated with ABX-EL8 or 
control IgG, 1000 fxg, i.p., once/week for 4 weeks. 

* 253 J B-V cells (25 X 10 4 ) were implanted and treated as above 
with ABX-IL8 or control IgG, 100 p,g, i.p., three/week for 3 weeks. 

c P < 0.02 versus untreated controls. 

d P < 0.05. 



Biotechnology] for 20 min on ice. Protein-DNA complexes 
were resolved on a 6% nondenaturating polyacrylarnide gel. 
After which, the gels were dried and exposed to X-ray film at 
-80°C overnight. 

Animals. Male athymic BALB/c nude mice were pur- 
chased from the Animal Production Area of the National Cancer 
Institute, Frederick Cancer Research Facility (Frederick, MD). 
The mice were housed in laminar flow cabinets under specific 
pathogen-free conditions and used at 8 weeks of age. Animals 
were maintained in facilities approved by the American Asso- 
ciation for Accreditation of Laboratory Animal Care and in 
accordance with current regulations and standards of the United 
States Department of Agriculture, Department of Health and 
Human Services, and NIH. 

Orthotopic Implantation of Tumor Cells. Cultured 
253J B-V and UMUC-3 cells (60-70% confluent) were pre- 
pared for injection as described previously (29). Mice were 
anesthetized with methoxyflurane. For orthotopic implantation, 
a lower midline incision was made, and viable tumor cells, 25 X 
10 4 (253J B-V) or 25 X 10 4 (UMUC-3) in 0.05 ml of HBSS, 
were implanted into the bladder wall, The formation of a bulla 
indicated a satisfactory injection. The bladder was returned to 
the abdominal cavity, and the abdominal wall was closed with a 
single layer of metal clips. Ten mice/group were used to study 
the effect of ABX-IL8 on the tumorigenicity of UMUC-3 and 
253J B-V cells (Table 1). 

In Vivo Therapy of Orthotopic Human TCC Tumors. 
Four days after tumor implantation, animals were treated with 
control IgG or ABX-IL8 (100 pig i.p., Q optical density for 

3 weeks for 253 J B-V tumors, and 1000 jxg, i.p., once/week for 

4 weeks for UMUC-3 tumors). At the end of the treatment 
period, the mice were killed by C0 2 inhalation and cervical 
dislocation. The primary tumors were removed, weighed, and 
fixed in 10% buffered formalin for tissue analysis. 

Statistical Analysis. The in vitro data were analyzed for 
significance by the student's / test (two-tailed) and the in vivo 
data were analyzed by the Mann-Whitney U test. 
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Fig. 1 Effect of ABX-IL8 on proliferation rate of TCC of bladder cells. 
253J B-V cells were treated with increasing concentrations of ABX-IL8 
and control IgG for 7 days. The cell proliferation rate was determined by 
the MTT assay. No significant difference in the proliferation of these 
cells was detected. This is one representative experiment of three. 



RESULTS 

Suppression of TCC Tumor Growth by ABX-IL8. 

ABX-IL8 acts as a neutralizing antibody to EL-8. It binds to 
human IL-8 with high affinity and blocks the binding of IL-8 to 
its receptors. In the first set of experiments, we determined the 
effect of ABX-IL8 on tumor growth of human TCC in nude 
mice. To determine whether blocking IL-8 affects tumor 
growth, we implanted 253J B-V and UMUC-3 cells into the 
bladder wall of athymic nude mice. The rumors were allowed to 
establish and then treated with ABX-IL8 or control IgG. The 
animals with UMUC-3 tumors were treated with 1 mg i.p. 
once/week and those injected with 253 J B-V were treated with 
100 pug i.p, three times/week. Tumors were observed in all mice 
injected (see "Incidence," Table 1). However, although some 
inhibitory effect was observed with the control of IgG antibody, 
there was a significant suppression in the growth of the ortho- 
topically implanted tumors for both 253J B-V (P < 0.05) and 
UMUC-3 (P < 0.02). The inhibitory effect of ABX-IL8 was 
more pronounced in the UMUC-3 tumors, which were treated 
with 1 mg/week (Table 1). 

Effect of ABX-IL8 on Cell Proliferation in Vitro. IL-8 
has previously been shown to be an autocrine growth factor in 
various tumor cells. Therefore, we tested whether ABX-IL8 had 
a direct effect on cell growth and proliferation of both TCC cell 
lines in vitro. To that end, we treated 25 3 J B-V cells with 
ABX-IL8 and control IgG. The cells were treated with increas- 
ing doses of ABX-IL8 (1-100 jxg/ml) or IgG for 7 days. An 
MTT assay was performed daily to determine growth rate. 
Treatment with ABX-IL8 did not have a direct effect on cell 
proliferation rate in vitro, despite increasing doses (Fig. 1). This 
experiment was performed with several concentrations of FBS 
(0.5, 1, 5, and 10%) with the same outcome. The same results 
were obtained for UMUC-3 cells (data not shown). These data 
suggest that the inhibition in tumor growth in vivo was not 
because of differences in cell division time. 

Down-Regulation of MMP-2/MMP-9 Activity in TCC 
by ABX-IL8 in Vitro. The growth and metastatic potential of 
tumor cells depend on proper vascularization of the tumor and 
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Fig. 2 Collagenase activity of MMP-2 and 
MMP-9. 253J-P cells, 253J-S-IL8, 253J B-V, and 
UMUC-3 cells were treated with ABX-IL8 and IgG 
for 3 days. The conditioned media (without FBS) 
was collected, and gelatin zymography was per- 
formed. This is one representative experiment of 
three. 
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7bWe 2 Expression of MMP-2 and MMP-9 mRNA in vitro after 
treatment with ABX-IL8 and control IgG 





Mean optical density ± SD° 




MMP-9 MMP-2 




Control IgG ABX-IL8 Control IgG ABX-IL8 


253 J B-V 
253 J S-IL8 
UMUC-3 


3.8 ± 0.77 2.5 ± 0.40* 3.9 ± 0.46 2.9 ± 0.44* 
4.2 ± 0.46 3.8 ± 0.46 6 4.4 ± 0.37 3.6 ± 0.39* 
N/A c N/A 3.7 ± 0.42 3.1 ± 0.38* 



a Colorimetric in situ hybridization was performed in triplicates, 
and the intensity of color reaction was quantified in 5-1 0 areas in at least 
five high power fields/slide. This is one representative experiment of 
two. 

''All J°s < 0.01, when compared with controls. 
c N/A, not available as MMP-9 expressed at very low levels in 
UMUC-3 cells. 



Table 3 Invasion through Matrigel-coated membrane by bladder 
cancer cells after treatment with ABX-IL8 

Mean number of invading cells ± SD, 
per membrane 0 

Treatment 253J B-V UMUC-3 253J S-ILS 

Control 125 ± 44 135 ±49 113 ± 43 

IgG (100 fig/ml) 90 ±50 1 15 ± 40 97 ± 37 

ABX-DL8 26 ±9* 37 ± 10* 50 ± 20* 

(100 jtg/ml) 

a A total of 5 X 10 3 cells was plated in the invasion chambers after 
treatment with ABX-IL8 or IgG for 3 days, suspended in serum-free 
media. Cells that had invaded and migrated were counted on the lower 
surface of the membrane. Experiment performed twice in triplicates. 

*AllPs <0.01. 



their ability to degrade type IV collagen. We recently demon- 
strated that IL-8 exerts its angiogenic activity through the in- 
duction of MMP-2/MMP-9 in melanoma and bladder cancer 
cells (18, 25). Activation of MMP-2/MMP-9 by bladder cancer 
cells may provide a mechanism for the increase in their tumor- 
igenicity. We, therefore, tested whether neutralizing IL-8 by 
ABX-IL8 had any effect on MMP-2/MMP-9 activity by TCC. 
There was an increase in MMP-2 and MMP-9 activity in 253J-P 
cells transfected with the IL-8 gene (253J-S-IL8; Fig. 2), We 
found, however, that treatment with ABX-IL8 resulted in a 
5-8-fold decrease in MMP-2 activity in UMUC-3 cells and 
2-3-fold activity of MMP-2 and MMP-9 in 253JB-V and 253 J- 
S-IL8 cells, respectively (Fig. 2). 

Decreased Expression of MMP-2/MMP-9 in TCC 
Treated with ABX-IL8. To determine whether ABX-IL8 
suppressed the expression of MMP-2/MMP-9 by bladder cancer 
cells, a colorimetric in situ mRNA hybridization assay was 
performed. Results summarized in Table 2 demonstrate a mod- 
erate but significant fold reduction in the mRNA expression of 
MMP-2 in all cells treated in vitro with ABX-IL8 as compared 
with control-IgG treated cells and in MMP-9 mRNA transcript 
in 253JB-V and 253J-S-IL8 cells. 



Suppression of TCC Invasion by ABX-IL8. We next 
analyzed whether the decreased activity and expression of 
MMP-2 and MMP-9 in ABX-IL8-treated cells correlated with 
their ability to invade through the basement membrane, an 
important component in the process of invasion. To that end, 
UMUC-3 and 253J-B-V cells that had treated with 100 jxg/ml 
ABX-IL8 or control IgG for 3 days were subsequently placed in 
the upper compartment of an invasion chamber in the presence 
of 100 u,g/ml ABX-IL8 or control IgG. After 22 h of incubation, 
the cells on the lower surface of the filter were counted. As 
shown in Table 3, cells treated with ABX-IL8 exhibited a 
significant decrease of 2.3 to 4.8 (P < 0.01) in invasion through 
Matrigel-coated filter, when compared with IgG-treated or un- 
treated cells. 

Suppression of MMP-2/MMP-9 Transcription by ABX- 
IL8. To examine the effect of ABX-IL8 on MMP-2 and 
MMP-9 transcription, the MMP-2 and MMP-9 promoters were 
linked upstream of a luciferase reporter gene and transfected 
into 253J-B-V and UM-UC3 cells which were then treated with 
ABX-IL8. Cells were lysed and dual luciferase assay was per- 
formed to determine the activity of MMP-2 and MMP-9 pro- 
moters. Consistent with a decreased MMP-2 and MMP-9 col- 
lagenase activity, there was a significant decrease in the MMP-2 
promoter activity in both cell lines after treatment with ABX- 
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Fig. 3 Promoter activity. 253J B-V and UM-UC3 cells were treated 
with ABX-IL8 (100 jmg/ml) for 4 days and then transiently transfected 
with PGL3 -basic reporter, containing firefly luciferase gene, under the 
control of MMP-9 or MMP-2 promoters. Dual luciferase assay was used 
to measure the promoter activity. There was a 3-6-fold decrease in the 
MMP-2 and MMP-9 promoter activity. The down-regulation of MMP-9 
promoter was evident for both the constitutive, as well as the inducible 
(with phorbol 12-myristate 13-acetate) MMP-9 activity. This is one 
representative experiment of three. 



IL8. After treatment with ABX-IL8, 253J-B-V cells exhibited a 
decrease in the constitutive, as well as inducible (with phorbol 
12-myristate 13-acetate) MMP-9 promoter activity (Fig. 3). 
These results suggest that IL-8 may directly regulate MMP-2 
and MMP-9 expression at the transcriptional level and that 
blocking IL-8 by ABX-IL8 suppressed MMP-2/MMP-9 expres- 
sion in bladder cancer cells. 

Suppression of NF-kB Expression by ABX-EL8. IL-8 
regulates the expression of MMPs by modulating the expression 
and transcriptional activity of NF-kB. To determine whether 
ABX-IL8 affected the level of NF-kB, nuclear extracts were 
isolated from 253J-B-V cells after treatment with ABX-JL8 or 
control IgG. Western blot analysis was performed for NF-kB 
(p50), and fold reduction was calculated after normalization to 
(3-actin expression. There was a 2-3-fold decrease in the level of 
NF-kB after treatment with ABX-IL8 when compared with 
control IgG (Fig. 4). The same results were obtained with 
UMUC-3 cells (data not shown). 

EMSA Gel for NF-kB Activity. To determine whether 
the down-regulation in NF-kB expression in ABX-IL8-treated 
cells is reflected in its ability to bind to its target DNA, nuclear 
extracts of 253J-B-V cells treated with ABX-IL8 or control IgG 
were extracted and analyzed by EMSA. There was a 3 -fold 
reduction in NF-kB binding activity after treatment with ABX- 
IL8 (Fig. 5, Lane 7) as compared with control IgG (Fig. 5, Lane 



NF-kB. 



Control 



ABX-IL8 



IgG 



P-Actin *. 

Fig. 4 Western blot analysis of NF-kB (p50). 253J B-V cells were 
treated with ABX-IL8, 100 jxg/ml or control IgG, for 3 days. Nuclear 
protein extracts were obtained from control and treated cells, and 
Western blot analysis was performed using p-actin as protein loading 
control. There was a significant reduction in NF-kB expression after 
ABX-IL8 treatment when compared with untreated or IgG control 
group. 



2). The upper band of protein-DNA complex was supershifted 
with anti-p50, but not with anti-p65, for both ABX-IL8-treated 
(Fig. 5, Lane 8), and control IgG-treated cells (Fig. 5, Lane 5). 
Collectively, these results demonstrated that treatment of blad- 
der cancer cells with ABX-IL8 resulted in down-regulation of 
NF-kB expression and activity. 

DISCUSSION 

TCC of the bladder is partially sensitive to conventional 
chemotherapeutic agents; however, the responses are often 
short-lived because chemoresistance can develop rapidly. De- 
spite the reported initial response rates of 20-50%, most pa- 
tients with advanced or metastatic TCC of the bladder die from 
progression of their disease, with a median survival of <2 years. 
Therefore, the development of new therapeutic agents to replace 
or complement the current cytotoxic agents is highly desirable 
to improve the outlook of patients with invasive bladder cancer 
(39-41). 

Several tumor cells express constitutively high levels of 
IL-8. There is a direct association between constitutive levels of 
IL-8 and the aggressiveness and metastatic phenotype in colon 
cancer (42), pancreatic cancer (43), and melanoma (25). The 
highly tumorigenic and metastatic bladder cancer cell lines 25 3 J 
B-V and UMUC-3 express constitutively high levels of IL-8. It 
has also been shown that IL-8 expression is regulated by NF-kB 
in several cell lines (44, 45). Furthermore, blockade of NF-kB, 
after transfection with inhibitor of nuclear factor-KB, down- 
regulated the expression of IL-8 and VEGF and decreased 
angiogenesis and tumorigenicity. IL-8 exerts its action through 
an autocrine and paracrine loop by inducing adjacent tumor cells 
and stromal cells to express increased levels of MMP-2 and 
MMP-9 (18), which facilitate tumor growth, invasion, and me- 
tastases. Angiogenesis, a crucial component of tumorigenicity 
and metastases is also regulated by IL-8. This finding, which 
was originally demonstrated in human bronchogenic carcinoma, 
has subsequently been confirmed in glioblastoma, head and 
neck squamous cell carcinoma, colon cancer, breast cancer, 
ovarian cancer, melanoma, pancreatic cancer, and prostate can- 
cer (24). The involvement of IL-8 in angiogenesis is additionally 
supported by the finding that human microvascular endothelial 
cells express the IL-8 receptors that allow direct interaction of 
IL-8 with endothelial cells (28). Previously, we demonstrated 
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Fig. 5 NF-kB binding activity. Nuclear protein was extracted from 
25 3 J B-V cells before and after treatment with ABX-IL8 or control IgG. 
EMSA was performed using probe only {Lane 7), competition with cold 
d.s. DNA probe {Lane 3), in the presence of specific antibodies against 
p50, p65, and c-rel components {Lanes 4-6). There was a 3-fold 
decrease in the binding activity of NF-kB in the ABX-IL8-treated cells 
{Lane 7) when compared with the control {Lane 2). The NF-kB bands 
were supershifted in the presence of anti-p50 antibody for both untreated 
and treated cells {Lanes 5 and 8, respectively). This is one representative 
experiment of three. 



that expression of IL-8 directly correlated with angiogenesis, 
invasiveness, and tumorigenicity in an orthotopic bladder cancer 
model (18). The transfection of an IL-8 expression vector into 
the nonmetastatic 253 J-P human TCC cell line resulted in 
increased tumor angiogenesis, invasiveness, and tumorigenicity, 
whereas the antisense transfection of an IL-8 expression vector 
resulted in decreased angiogenesis, invasion, and tumorigenicity 
by the highly metastatic 253 J-BV cell line implanted orthotopi- 
cally in the bladders of nude mice. Similar antitumor effects 
were noted after antisense IL-8 transfection of highly metastatic 
prostate cancer cell line PC3M-LN4 (46). In humans, IL-8 
expression is increased in muscle-invasive bladder cancer and in 
carcinoma in situ of the bladder when compared with superficial 
bladder tumors (47), thus additionally establishing a link be- 
tween increasing levels of IL-8 and progressive tumor grade and 
stage. 

In this study, our goals was to test the hypothesis that 
disruption of the IL-8 autocrine loop would result in decreased 
tumorigenicity and to determine the cellular pathways that may 
be involved in the suppressive effect of ABX-IL8. We observed 
that the treatment with ABX-IL8 had no direct cytotoxic effect 
on bladder cancer cell lines in vitro. However, the athymic nude 
mice bearing human TCC cells in the bladder wall had signif- 
icantly smaller tumors after treatment with ABX-IL8. Treatment 
with 1 mg once weekly was more efficient to inhibit tumor 



growth and MMP-2/MMP-9 expression in situ as compared 
with a treatment of 100 juug/ml three times/week. In vitro, 
however, treatment with 100 jxg/ml ABX-IL8 was sufficient and 
enough to inhibit NF-kB expression and DNA binding activity 
as well as MMP-2/MMP-9 activity. The control IgG antibody 
used in our studies had some inhibitory effect on tumor growth 
in nude mice. The nature of this inhibition is not clear. However, 
this is commercially purchased antibody and its inhibitory effect 
might be because of its purity. There was also a moderate but 
significant decrease in the expression of MMP-2 and MMP-9 
mRNA as measured by ISH as well as MMP-2 and MMP-9 
activity. Nevertheless, these changes resulted in decreased in- 
vasion through Matrigel-coated filters. Our promoter analyses 
provide direct evidence that down-regulation of MMP-2 and 
MMP-9 by ABX-IL8 is regulated at the transcription level. The 
data also suggest that the transcriptional regulation of MMPs is 
mediated, in part, through NF-kB. After treatment with ABX- 
IL8, there was a significant decrease in the nuclear protein level 
of NF-kB, as well as its nuclear binding activity. Although 
NF-kB was reported to regulate the expression of IL-8, here, we 
demonstrate that the expression and transcriptional activity of 
NF-kB could be modulated by IL-8, thus providing a feedback 
mechanism of NF-kB's action. 

Our findings are consistent with previous studies of the 
effects of IL-8 on tumorigenicity and metastases. Inoue et ah 
(48) treated highly metastatic human TCC cell lines implanted 
into the subcutis of athymic nude mice with intralesional ad- 
enoviral vector containing antisense IL-8. The tumor growth 
was significantly inhibited when compared with the control 
groups. There was a significant decrease in the expression of 
IL-8, MMP 9, and microvessel density. Other studies involving 
antisense IL-8 transfection have shown similar results mediated 
through a decrease in MMP expression. 

In addition to tumor cells, IL-8 receptors are also expressed 
on vascular endothelial cells, and IL-8 has been demonstrated to 
act as survival factor for vascular endothelial cells. In a recent 
study, we have demonstrated that ABX-IL8 directly inhibited 
the formation of capillary-like network by human umbilical 
vascular endothelial cells (49). It should be noted that treatment 
with ABX-IL8 did not affect the existing vessel-like tube for- 
mation in vitro and disrupted only the formation of the newly 
formed blood vessels in vivo. Although the effect of ABX-IL8 
on bladder cancer cells is very well documented in our study, its 
effect on angiogenesis needs to be additionally established. 
Nevertheless, ABX-IL8 may act on both tumor and the micro- 
environment surrounding the tumor, including the stroma and 
vascular endothelial cells to affect growth of bladder cancer 
cells. 

The potential of antibody therapy represented by ABX-IL8 
fits recent discoveries. Antibody immunotherapy provides a 
novel approach for the treatment of a broad spectrum of dis- 
eases, including cancer. Cetuximab (IMC-C225), a mouse- 
human chimeric anti-EGFR monoclonal antibody and fully hu- 
man anti-EGFR (ABX-EGF), have been shown to inhibit the 
proliferation of a variety of cultured human tumor cell lines that 
overexpress EGFR and to inhibit tumor growth in several xe- 
nograft models. Currently, both of these antibodies are being 
evaluated in clinical u-ials. The therapeutic modalities to control 
tumor growth and metastasis of human TCC are very limited. 
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The idea of using fully humanized antibodies to neutralize IL-8 
is especially appealing because multiple dose regimens of the 
antibody could be administrated to the patients with little risk of 
mounting an immune reaction. A Phase II, single-dose clinical 
trial and Phase I/II multiple-dose clinical trial with ABX-IL8 
have been conducted in patients with moderate to severe plaque 
psoriasis. Both trials were designed as dose-escalating trials to 
examine the safety of administering a range of dose levels of 
ABX-IL8 by i.v. infusion; ABX-IL8 was shown to be safe and 
well tolerated in both the single-dose and the multiple-dose 
trials. No serious or unexpected adverse events have been re- 
ported, no immunogenicity has been detected, and there has 
been no evidence of cytokine release syndrome in either of the 
trials. Our studies should promote a serious consideration for 
initiating a Phase I/II clinical trial with ABX-IL8 in patients 
with bladder cancer. Because ABX-IL8 did not completely 
inhibit tumor growth of TCC, it should most likely be used in 
combination with chemotherapy or other anticancer agents to 
increase its efficacy. 

In addition, chemotherapeutic drugs have been recently 
demonstrated to induce the expression and secretion of IL-8 by 
tumor cells. This might be one of the mechanisms used by tumor 
cells to escape the cytotoxic effects of the drugs. Thus, ABX- 
IL8 should be used to potentiate the efficacy of the therapeutic 
drugs by neutralizing the secreted IL-8 induced by chemother- 
apy. Furthermore, ABX-IL8 should be considered as a treatment 
modality for other solid tumors in which IL-8 plays an angio- 
genic role, including melanoma, prostate, ovarian, and lung 
cancers, 
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EXHIBIT D 

ATCC 

10801 University Blvd • Manassas, VA 20110-2209 • Telephone: 703-365-2700 • FAX: 703- 

BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF 
THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT ISSUED PURSUANT TO RULE 7.3 
AND VIABILITY STATEMENT ISSUED PURSUANT TO RULE 10.2 



To: (Name and Address of Depositor or Attorney) 

Human Genome Sciences, Inc. 
Attn: Robert H. Benson 
9410 Key West Avenue 
Rockville, MD 20850 

Deposited on Behalf of: Human Genome Sciences, Inc. 

Identification Reference by Depositor: ATCC Designation 

DNA Plasmid PS-084 209782 

The deposit was accompanied by: a scientific description _ a proposed taxonomic description indicated 

above. 

The deposit was received April 20, 1998 by this International Depository Authority and has been accepted. 

AT YOUR REQUEST: X_ We will inform you of requests for the strain for 30 years. 

The strain will be made available if a patent office signatory to the Budapest Treaty certifies one's right to 
receive, or if a U.S. Patent is issued citing the strain, and ATCC is instructed by the United States Patent & 
Trademark Office or the depositor to release said strain. 

If the culture should die or be destroyed during the effective term of the deposit, it shall be your responsibility 
to replace it with living culture of the same. 

The strain will be maintained for a period of at least 30 years from date of deposit, or five years after the most 
recent request for a sample, whichever is longer. The United States and many other countries are signatory to 
the Budapest Treaty. 

The viability of the culture cited above was tested April 29. 1998 . On that date, the culture was viable. 
International Depository Authority: American Type Culture Collection, Manassas, VA 20110-2209 USA. 
Signature of person having authority to represent ATCC: 

Date: June 25. 1998 

Barbara M. Hailey, Administrator, Patent Depository 
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